INTRODUCTION
Surfactants play an important role in the development of various application fields. Cost-effective, nonionic n-alkyl glycosides Alkyl-Glys , which are renewable, biodegradable, and environmentally friendly, have various applications in food, cosmetics, and pharmaceuticals. Numerous fundamental studies on the toxicologically harmless and physicochemical properties of Alkyl-Glys-water systems, including lyotropic liquid crystalline LC phases as well as colloidal assembly systems, have ensured their performance at temperatures greater than subzero 1 6 . On the basis of the ability to form lamellar vesicles, they can be used as drug carriers 7, 8 . They are also used as a ubiquitous exhibit glass transitions without precipitation of Alkyl-Glys crystals even below the melting point or solubility curves in the temperature-concentration phase diagram of a water system 11 13, 15 . These systems form a glassy phase under supercooling conditions in extremely high-concentration systems as well as under supersaturated conditions in an unfrozen matrix in which Alkyl-Glys is substantially concentrated by the freezing of water solvent at subzero temperatures. The stabilization of alkyl β-D-glucosides Alkyl-Glus for water-soluble proteins during the freeze-thaw process has been reported to be strongly related to the surface-active properties of the Alkyl-Glus 15, 16 , whereas their bifunctional characteristic that satisfies the glassforming properties and the surface activity are potentially related to their function of stabilizing therapeutic proteins during the freeze-drying process 15, 17 . Thus, the importance of fundamental investigations on physicochemical properties and the availability of Alkyl-Gly at the subzero region have been somewhat demonstrated. Meanwhile, the freeze-thaw or freeze-concentration protocol has been widely used for polymeric compound systems to modify various hydrogel systems 18 21 . Upon freezing of the water, heterophase systems comprising solid ice and some unfrozen phases called unfrozen liquid microphases, in which the solutes are highly concentrated, are obtained. Dispersed ice becomes a physical disturbance; hence, a unique polymeric gel system called cryogel, which exhibits an unusual heterophase macroporous morphology and modified physicochemical characteristics, is obtained 18 21 . A similar effect has been reported for the freeze-concentration protocol for the modification of a hydrogel system comprising a low-molecular-weight FmocFF system 22 . Because the lamellar gel or crystalline phases of Alkyl-Glys have important pharmaceutical applications 10 , the exploration of a cryogenic treatment to control such phase behaviors of the AlkylGly-water system can further enhance its usability. This idea motived us to investigate the conditions required to carry out an effective cryogenic treatment of the semi-solid phase. n-Alkyl D-galactoside Alkyl-Gal consisting of D-galactose and a 1-alcohol is a representative family of the AlkylGlys system. The physicochemical properties of Alkyl-Gals in aqueous systems at temperatures above subzero have been widely investigated for both α-and β-anomers 7, 23 28 .
In the case of a longer alkyl chain, Kiwada et al. have reported the formation of vesicles based on Alkyl-Gals that exhibited higher affinity for the liver, specifically in the binding of hepatocytes through specific galactose interactions, than vesicles based on glucosides 7 . Hence, the AlkylGals can be used in certain pharmaceutical applications that differ from those of Alkyl-Glus in the form of a semisolid colloidal assembly. For instance, a porous polymer scaffold functionalized by galactose has been reported to improve the 3D growth of hepatocyte-based cells 29 ; thus, the self-organized colloidal assembly of amphiphilic galactose may be similarly used without the need to functionalize the polymer scaffold. Because Alkyl-Gals have simple compositions that do not require significant modification, and given the background of many reports of recent advances in the enzymatic preparative procedures for AlkylGals 30 32 , they are a promising candidate among Alkyl-Glys to be used as unique functional materials. Our group has recently verified that the crystal-dispersed phase, or the so-called coagel, precipitates from an octyl β -D-galactoside Oct-Gal: Chart 1 -water system, leaving behind an aqueous micelle solution 33 . In this phase, the water-dispersed crystals comprising three-dimensional 3D fiber-like crystals covered a considerable amount of water. The system exhibits a phase-transition temperature T K greater than 30 between the crystalline dispersed phase and the sol micelle phases during heating. Given the resemblance between the crystal-dispersed phase in the Oct-Gal-water system and a typical hydrogel system with respect to their 3D semicrystalline networks, cryogenic treatment is also expected to become an effective methodology to control the phase behavior of the Oct-Gal-water system. Furthermore, the crystal-dispersed phase of Oct-Gal was found to be macroscopically homogeneous at a low concentration 2.5 wt. surfactant concentration , whereas those phases from aqueous octyl α -D-glucoside and dodecyl β -D-glucoside solutions formed inhomogeneous states. Such performance of Oct-Gal toward a macroscopically homogeneous matrix was expected to provide detailed insights into the effect of ice formation on the precipitation of the crystal-dispersed phase from an AlkyGlys-water system, whereas the inhomogeneous matrix formed by other Alky-Glys was thought to be too complex to clarify the phase behavior controlled by cryogenic treatment.
This work aimed to explore the cryogenic treatment conditions that enable control of the phase behavior of the Oct-Gal-water system. To this end, we examined the effect of cryogenic protocols on the physicochemical properties of the crystal-dispersed phase formed from aqueous Oct-Gal solutions. In this regard, two effective methodologies to modify the physicochemical properties of the preChart 1 Chemical structure of Oct-Gal.
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cipitates of Oct-Gal hemihydrate crystals hyperrapid cooling and electrolyte addition were verified. In addition, detailed behavior of precipitation via cryogenic treatment was investigated by simultaneous X-ray diffraction and differential scanning calorimetry XRD-DSC measurements.
EXPERIMENTAL PROCEDURES

Materials
Oct-Gal was prepared in a manner similar to the method reported previously by our group 33 and used after drying under vacuum at 60 for 2 h. Water and electrolytes purchased from Wako Pure Chemical Industries Ltd. were used as received. The sample solutions were prepared by the dissolution of prescribed amounts of Oct-Gal and electrolyte in water at a bath temperature of 50 . The Oct-Gal and electrolyte concentrations were expressed as weight percentage wt. of Oct-Gal e.g., Oct-Gal in g/ Oct-Gal H 2 O in g and weight molar percentage mol/kg for the electrolytes e.g., electrolyte in moles/H 2 O in kg .
Measurements
The freeze-thaw behavior of Oct-Gal-electrolyte-water systems was examined by DSC and XRD-DSC simultaneously measurement. For DSC measurements, DSC-8500
PerkinElmer, Inc. and DSC-60 Shimadzu Corp. systems were used. The former and latter were used to confirm the effect of the hyperrapid cooling at a temperature of 30 / min and for other measurements, respectively. Hermetically sealed aluminum pans were used in the above instruments. The cooling and heating rates for each measurement were stated in the caption of each of the figures shown. For XRD-DSC measurements, an XRD-DSCII Rigaku Corp. 11, 13, 14, 34, 35 , combining a RINT-Ultima III unit and a Thermo Plus 2 DSC Rigaku Corp. , was used. Measurements were carried out at 2θ values of 1 -30 using Cu Kα radiation 1.54 Å, 40 kV, and 40 mA at a scan rate of 30 /min 2θ /ω /min . The sample was measured under N 2 with a square nonhermetical aluminum container.
To analyze the full width at half maximum FWHM of the diffraction peak, XRD profile fitting was carried out by Gaussian peak adjustment using the Origin 6.1 data analysis software OriginLab Corp. .
RESULTS & DISCUSSION
Effect of the Cooling Rate on the Physicochemical Properties of the Precipitate Formed during Cryogenic Treatment
The cooling rate was reported to be an important parameter for effectively performing cryogenic treatment for polymeric cryogels. Effective cryogenic treatment is not possible if hydrogelation occurs before ice freezing is completed. However, some systems can overcome the prevention of hydrogelation prior to ice freezing via the increase in the cooling rate 21 . Based on these studies, the cryogenic protocol in a binary system was first examined at different cooling rates, for example, 10 /min and 30 /min. Figure 1 shows the heating DSC thermograms of a 10 wt.
Oct-Gal-water binary system after cooling the sample sol to 50 at a rate of a 10 /min and b 30 / min. In these heating thermograms, high-intensity endothermic peaks were observed at around 0 , corresponding to the melting of ice m.i. , and an endothermic peak was observed at a higher temperature, corresponding to the phase transition between the dispsered-crystal and sol phases. At a cooling rate of 10 /min, T K1 corresponding to normal T K was observed at around 31 Fig. 1 a , which is comparable to that obtained without ice freezing, indicative of no significant effect on the physicochemical properties of the resultant crystal-dispersed phase by cryogenic treatment in this time. Alternatively, the appearance of such an endothermic peak indicates that the Oct-Galwater binary system exhibited a higher crystallization precipitation tendency during the freeze-thawing process than Oct-Glu-water binary systems, where no crystallization occurred under similar experimental conditions 13, 15 .
Also, in the case of anhydrous LC phase, Oct-Gal tended to crystallize even under rapid cooling conditions 36 , whereas the anhydrous Oct-Glu LC phase readily exhibited a glass transition 12, 15 . Therefore, the high precipitation tendency of the Oct-Gal during the freeze-thawing process is consistent with this behavior. On the other hand, for the hyperrapid cooling rate at 30 /min, the endothermic peak was observed at a temperature less than T K1 Fig. 1 b . This reduced temperature was designated as T K2 in the thermogram. In thermogram b , the total phase transition enthalpy ∆H K at around T K1 and T K2 was 18.3 mJ/mol; this value is remarkably less than that observed in thermogram a , 24.9 mJ/mol. As the same sample mass same sample was used for both measurements, these differences originated from the cryogenic effect utilizing hyperrapid cooling. The reason for which only the hyperrapid cooling rate can accomplish the effective cryogenic treatment is crucial to explain for whether precipitation occurs before the freezing of ice.
Previously, our group reported that the precipitation of Oct-Gal from an aqueous Oct-Gal solution starts within 1 min when the solution is stored at 4 33 . Even though the cooling rate was relatively high i.e., 10 /min , precipitation can start before the freezing of ice because of such an inherent property; water started to freeze at around 20 during cooling, indicative of the passage of 2.4 min after the system is cooled at temperatures less than 4 at 10 / min. On the other hand, the precipitation of Oct-Gal crystals might be avoided by the hyperrapid cooling at 30 / min prior to the freezing of ice because even 1 min is not required to cool the sample from 4 to 20 at the cooling rate. Hence, the reduction of T K and ∆H K compared to the normal values must be observed because of the effective cryogenic treatment. However, notably, a small endothermic peak was observed at around 31 even for the heating thermogram obtained by the hyperrapid cooling, indicating that not all of the crystal-dispersed phases are formed under the effective cryogenic treatment.
Effect of Electrolyte Addition on the Physicochemical
Properties of the Precipitate Formed during the Cryogenic Treatment Electrolytes are involved in many food processing methods and biological systems. With respect to applications, understanding the effect of electrolytes on the cryogenic treatment is important. Hence, the addition of electrolytes during cryogenic treatment has been reported to lead to substantial changes in the gel properties of poly vinyl alcohol PVA 37, 38 , which possesses multiple hydroxyl substituents, similar to sugar molecules. In addition, in the case of a natural sugar such as D-glucose, both salting-out and salting-in effects by NaCl were observed, whereas only the salting-out effect was confirmed for KCl 39 . That is, the addition of a certain type of electrolyte can drastically change the phase-transition behavior of Alkyl-Gal during the freeze-thawing process. In a preliminary study, the addition of NaCl was confirmed to prolong the stability of the sol state of an Oct-Gal-water system at 4 . Although rapid precipitation within 1 min has been observed in the absence of NaCl 33 , it can be inhibited for at least 35 min in the presence of a 1.0 M NaCl aqueous solution under the same conditions. Such elongation of the induction period for the precipitation of the Oct-Gal crystal was expected to be crucial to prevent rapid precipitation during cooling. Therefore, the effect of cryogenic treatment on the precipitation in the presence of NaCl is investigated. Figure 2 a shows the heating DSC thermograms of 10 wt. Oct-Gal-NaCl-water ternary mixtures at different NaCl concentrations, in addition to the thermogram of a 10 wt. Oct-Gal-water binary mixture for comparison. Each sample was cooled at 13 /min to form ice prior to the heating measurement. In the thermogram, the melting of ice m.i. and NaCl dihydrate electrolyte /ice eutectic m.e. was observed. Similar to that observed in Fig. 1 a , T K1 was observed in the thermogram for a binary mixture Fig. 2 a , 0.0 mol/kg NaCl concentration . However, in the DSC thermograms of ternary mixtures Fig. 2 a , from 0.2 to 2.5 mol/kg NaCl concentrations , T K2 was observed at a lower temperature of around 21 , and ∆H K decreased to approximately 0.6 times the value obtained without cryogenic treatment Table 1 . Notably, no endothermic peak was observed at around 31 Fig. 2 a , from 0.2 to 2.5 mol/kg NaCl concentrations , while a small endothermic peak was observed under the hyperrapid cooling condition Fig. 1 , indicating that the addition of NaCl possibly aids in the more effective cryogenic treatment compared with that of hyperrapid cooling 30 /min without NaCl.
Then, the effect of the initial states, that is, precipitate or no precipitate sol phase , on the phase behavior was compared using cooling-heating thermograms Fig. 2 b . Here, thermogram i was recorded for a sample in the initial sol state, while thermogram ii was recorded for a sample in the precipitated state prior to the measurement. At the phase transition in thermogram i , T K and ∆H K decreased, whereas these variables in the thermogram ii did not decrease, clearly indicating that the freeze-thaw treatment of the sample in the supersaturated sol state is crucial. In addition, when the exothermic peak corresponding to the eutectic crystallization of NaCl dihydrate/ice f.e. was compared for both thermograms, the exothermic peak clearly broadened for the sample in the initial sol system i , whereas a sharp exothermic peak was observed for the sample in the initial precipitated system ii . From these results, the sol system under the unfrozen matrix is reasonably concentrated by ice freezing, and the eutectic crystallization can be prevented because of the increased viscosity of the concentrated unfrozen matrix and the deep freezing-point depression with the increase in the Oct-Gal concentration. On the other hand, the initially precipitated system did not prevent the eutectic formation f.e. in such a manner as a majority of the Oct-Gal molecules are in the crystal state. Subsequently, the effect of electrolytes on the cooling-heating thermograms was examined. Interestingly, the electrolytes were also crucial to induce a decrease in ∆H K and T K Fig. 3 . In short, the addition of KCl and RbCl did not significantly affect ∆H K and T K , whereas the addition of CsCl and NaBr decreased T K and ∆H K , similar to that of NaCl Table 1 , whereas even precipitation was not observed in the NaI system under the same conditions. With respect to the exothermic peaks corresponding to the eutectic crystallization f.e. , a sharper exothermic peak was apparently observed in the thermograms for those in KCl and RbCl systems at a temperature greater than 33 , whereas a broader peak was confirmed at a temperature less than 39 for those in CsCl, NaBr, and NaI systems; each temperature was discussed using the peak top temperature of f.e. These results indicated that the system that is subjected to effective cryogenic treatment does not appear to precipitate before the freezing of the system. In addition, precipitation at a temperature less than 39 might be significant to induce a decrease of ∆H K and T K . On the other hand, possibly because of the excellent prevention of the precipitation of Oct-Gal, even the precipitation during the freeze-thaw process did not occur in the NaI system. The influence of added electrolytes cannot be easily explained, as indicated in previous reports on PVA cryogels 37 . The occurrence of a specific interaction between Oct-Gal molecules or assemblies observed in the present study might be one explanation. Alternatively, because the addition of electrolytes into a water system changes its viscosity, the difference in viscosity can alter the crystallization behavior of Oct-Gal during the freezethaw process. The finding that the addition of KCl can decrease the viscosity when water viscosity is high but increase the viscosity when the water viscosity is low is highly surprising 40 . If a similar decrease in viscosity occurred in the present system as occurred in the Oct-Gal system, then the KCl system might promote Oct-Gal crystallization. Such intrinsic behavior of electrolytes in a water system can induce a different effect.
Study on the Phase
Behavior of the Oct-Gal-NaClWater System during the Freeze-Thaw Process XRD-DSC measurements were simultaneously carried out to understand the detailed freeze-thaw behavior of the Fig. 2 DSC thermograms showing the a thawing behavior of 10 wt. Oct-Gal-NaCl-water ternary mixtures after the system was frozen by cooling at 13 /min with the variation in the NaCl concentrations and b freeze-thaw behavior of 10 wt. Oct-Gal-2.0 mol/kg NaCl-water ternary systems using i sol and ii crystal-dispersed phase states. In a , each of the NaCl concentrations was shown in the figure. Oct-Gal-electrolyte-water ternary mixture, where effective cryogenic treatment was accomplished, and a decrease of T K and ∆H K was observed. The Oct-Gal-2.0 mol/kg NaClwater system was selected as a representative system. Figure 4 shows the result obtained from the simultaneous XRD-DSC measurement of the freeze-thaw behavior of the system. The right and left figures show the DSC thermogram as a function of time and the XRD patterns corresponding to each measurement time, respectively. The solution was initially solidified by storage at room temperature prior to measurement. Throughout the analysis, the thermal protocol was carried out as depicted by the temperature curve in the figures. That is, I the sample was heated to 42 to completely dissolve the precipitated Oct-Gal crystals, II cooled to 57.5 to form ice and NaCl dihydrate/ice eutectic in the system, followed by III heating to 41.5 . Each of the diffraction peaks of hexagonal ice i in Fig. 4 , left and NaCl dihydrate e in Fig. 4 , left was identified from the data reported in previous studies for the crystal structural analysis of hexagonal ice 41 and NaCl dihydrate 42 , respectively. For the Oct-Gal hemihydrate crystal, the lattice constants and space group were identified from the data obtained by grazing incidence X-ray diffraction analysis using submicrometer-thick Oct-Gal hemihydrate crystal films 36 .
As the initial state was the precipitated state, diffraction peaks at low and high diffraction angles were clearly observed at 0 min Fig. 4 . Interestingly, the magnification of the XRD pattern between 2.5 and 4.0 revealed the clear presence of a diffraction at around 3.18 in the XRD profile for a 10 wt. Oct-Gal 2.0 mol/kg NaCl water system Fig. 5 , lower . Previously, the X-ray analysis using crystalline films and the powder of the Oct-Gal hemihydrate crystal 36 suggested a P2 1 2 1 2 1 space group for the crystal, and in the case of such a space group, the 010 reflection cannot be obtained because of the extinction law. In addi- 
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7 tion, such a diffraction peak corresponding to the 010 plane was not clearly distinguished in a study previously reported for a 10 wt. Oct-Gal-water system 33 in the absence of an electrolyte. A space phase transition in the orthorhombic crystal systems was assumed to occur. A certain protein crystal has been reported to exhibit space group transition in orthorhombic crystal systems by cryoannealing 43 . However, in this case, the addition of electrolyte seemed to induce space group transition. Specific interactions between Oct-Gal and the electrolyte, which Fig. 4 Simultaneous XRD-DSC measurement of the freeze-thaw process of 10 wt. of the Oct-Gal-2.0 mol/kg NaCl-water system. The sample was I heated to 42 , II cooled to 57.5 , and III then heated to 41.5 . In the XRD profile, diffraction peaks from hexagonal ice and NaCl dihydrate were assigned as i and e , respectively. of the Oct-Gal-2.0 mol/kg NaCl-water system, which are prepared with upper and without lower cryogenic treatment. a is the overall picture and b is the enlarged one around low diffraction angles. In b , the dotted line is the fitting curve.
induce the delay of precipitation, were observed, which was discussed in Section 3.2. Alternatively, because Oct-Gal forms a fiber structure with a high aspect ratio in aqueous media 33 , a disordered domain, which induces such a transition, may exist in the dispersed crystal. However, in the current situation, a more detailed study is required to draw a conclusion. Meanwhile, because of the correspondence of the XRD diffractions from the 200 and 210 planes, the principle crystal structure of the precipitated Oct-Gal in the system must be similar to those of the powder state. Hence, it is reasonable to consider the crystal as hemihydrate crystals.
In the initial heating process of the crystal-dispersed phase sample, the diffraction peaks assigned as the crystals disappeared after the system completely attained the sol state i in Fig. 4 . During the subsequent cooling of the sol system, the ice formation f.i. and eutectic formation f.e. were observed in the Oct-Gal-NaCl-water system ii and iii in Fig. 4 . At this time, the low-angle diffraction peak corresponding to the Oct-Gal molecular assembly was observed at around 3.3 at 30 , indicative of the formation of the Oct-Gal ordering structure, indicating that the freeze-concentration by both ice and eutectic on Oct-Gal leads to a phase transition from the isotropic micelle solution. Here, the ordered molecular assembly must be the LC phase as the broad peak at the wide-angle diffraction reflected the absence of the ordered packing of alkyl chains. In addition, the formation of the LC phase from the micelle solution by freeze-concentration was observed in the Oct-Glu-NaCl-water system 14, 15 .
Next, in the subsequent heating process, no significant changes at the diffraction peaks were detected until the start of eutectic melting. Prior to the main melting of the eutectic m.e. , the low diffraction peak at around 3.0 became sharper, and broad diffraction peaks in a wide range were observed after the exothermic peak was observed. Characteristic diffraction peaks at around 3.4 for the 200 plane and 4.7 for the 210 plane at that temperature corresponded to the diffraction for the Oct-Gal hemihydrate crystal 36 , indicative of the precipitation of the Oct-Gal hemihydrate crystals accompanied by exothermic heat iv in Fig. 4 . Thus, the precipitation utilizing cryogenic treatment was strongly indicated. The diffraction peaks did not distinctly change during the melting of eutectic m.e. and ice m.i. at temperatures ranging from 20 to 0 v and vi in Fig. 4 , indicating that the Oct-Gal hemihydrate crystal-dispersed phase persists after the complete thawing of ice. Later, the diffraction peaks corresponding to the phase disappeared with the endothermic peak vii in Fig. 4 around 20 T K2 , clearly demonstrating that the endothermic peak observed at around 20 in the heating DSC thermogram corresponds to the phase transition between the Oct-Gal hemihydrate dispersed-crystal phase and the sol phase. From these results, the crystal-dispersed phase of the Oct-Gal hemihydrate crystal exhibiting a phase transition at T K2 is formed prior to the main melting of the eutectic, and the importance of cryogenic treatment including freezing and thawing is recognized.
Discussion Related to the Cryogenic Effect on the
Precipitation of the Oct-Gal Crystal from the Oct-GalNaCl-Water System The principle crystal structure of precipitated Oct-Gal prepared by the effective cryogenic treatment appeared to be similar to that prepared without the freezing of ice because of the correspondence of the XRD diffractions from the 200 and 210 planes Fig. 5 . Therefore, differences in the physicochemical properties, including T K and ∆H K , result from those of the physical states of the dispersed crystals rather than the modification of the crystal structure.
Actually, distinct differences were observed in the FWHMs between each of the XRD profiles obtained with and without cryogenic treatment. Without the freeze-thaw protocol, a relatively sharp diffraction peak was observed at 3.5 with an FWHM of 0.116 Fig. 5 , lower . On the other hand, for the XRD profile obtained by the freezethaw protocol, the corresponding diffraction peak was apparently broader FWHM: 0.214 Fig. 5 b , upper . Similarly, the diffraction peaks at wide diffraction angles greater than 20 were also broader in case of the XRD profile obtained by the freeze-thaw protocol compared to the diffraction peaks for the XRD profile without the freeze-thaw protocol. From the Scherrer equation 43 , the average crystallite size L is expressed as follows;
where λ is the X-ray wavelength in nanometers nm , β is the FWHM corresponding to a small crystallite size in radians, and K is a constant related to the shape of the crystallite. According to the small FWHM and the Scherrer equation, the precipitated Oct-Gal exhibits lower crystallinity by the cryogenic treatment in the presence of NaCl. Thus, the decrease of ∆T K and ∆H K is possibly related to the low crystallinity of the precipitate. For the Alkyl-Glys-electrolyte-water system, rapid cooling has been reported to enable the formation of a glassy state in the unfrozen phase after the sufficient freezing of ice and eutectic for other sugar-surfactant-water systems 11, 13, 15 . Typically, molecular rearrangement is effectively inhibited in the glassy state because of the cessation of the translational and rotational motions. Considering from the similar situation for Oct-Gal-electrolyte-water system, it must be difficult for the electrolytes present at the glycolipid interlayer to diffuse inside the matrix. Hence, after the evolution of the Oct-Gal crystals, the crystallization of Oct-Gal molecules can be partially prevented by the presence of electrolytes. On the other hand, even in the absence of electrolytes, the hyperrapid cooling may avoid the crystallization of Oct-Gal at higher temperature and induced small crystallites under considerable freeze-concentrated state with low crystallinity, decreasing ∆T K and ∆H K . In addition to the effective freeze-concentration before precipitation, whether the specific interaction between Oct-Gal and electrolytes and/or differences in the viscosities between each of the Oct-Gal-electrolyte-water systems may determine whether the effective cryogenic treatment can be accomplished. However, further detailed studies in terms of the specific interactions and viscosity of the ternary systems are further needed to reach conclusions.
CONCLUSIONS
In this study, two effective cryogenic methodologies for changing the physicochemical properties of the precipitated Oct-Gal crystals from Oct-Gal-water mixtures were revealed: hyperrapid cooling at 30 /min and freeze-thaw treatment with the addition of appropriate electrolytes. In the latter case, a hyperrapid cooling rate was not required to induce the modification of the physicochemical properties of the coagel of Oct-Gal-water mixtures. In both cases, complete freezing prior to the precipitation of the Oct-Gal hemihydrate was thought to be important. As a majority of the practical formulations are prepared in multi-ingredient systems, including various electrolytes, the novel inspection verified in this study in terms of the combinatorial use can be significant for the development of surfactant-based crystalline materials. Although the dissolving temperature of Oct-Gal crystals obtained in this work by an effective cryogenic treatment was lower than 25 and its usability is low, increasing the dissolving temperature by using Alkyl-Gal with a longer alkyl chain length and the adaptation of the effective cryogenic treatment established in this work may lead to the construction of a self-organized scaffold with various bio-related applications e.g., 3D growth of hepatocyte-based cells , as reported for polymeric cryogels.
